SUMMARY The 10-20% incidence of cardiac rupture in acute fatal myocardial infarction has not changed in the past century, and little is known about its pathophysiology. To determine whether expansion acute dilatation and thinning of the area of infarction not explained by resorption of necrotic tissue -may be a variable predictive for rupture, we studied 110 consecutive autopsied patients who died of acute myocardial infarction. The presence and severity of expansion was determined qualitatively on a scale of 0-4+ from review of the postmortem radiographs, and quantitatively by a ratio of wall thickness adjacent to the rupture site to thickness of noninfarcted wall. By radiographs, 54 (49%) had expansion, of whom 23 (43%) had rupture in the zone of expansion; of the 56 cases without expansion only one (2%) had ruptured (p < 0.005). The severity of expansion related to rupture: 50% with 3-4+ expansion ruptured, compared with only 23% with 1-2 + expansion. Wall thickness ratios for patients without expansion were 0.93 ± 0.10; for those with expansion but no rupture, 0.62 ± 0.16; and 0.49 ± 0.13 for those with expansion and rupture (p < 0.01). Wall thinning in these three groups was noted at average postinfarction intervals of 8, 7 and 5.5 days, respectively too early to be caused by resorption.
CARDIAC RUPTURE in acute fatal myocardial infarction has a 10-20% incidence that has not changed in the past century." 2 The effective use of antiarrhythmic drugs has reduced the mortality of myocardial infarction. Attempts are underway to limit myocardial infarct size, and to support patients with cardiogenic shock with the hope of improving mortality. Yet the percentage of patients with acute myocardial infarction who die from cardiac rupture still remains high. Cardiac rupture is estimated to account for 25,000 fatalities a year in the United States,2 and, after cardiogenic shock and arrhythmias, is the most common cause of death in patients with myocardial infarction. This mortality is especially troublesome in that most reports2-10 agree that patients who die from cardiac rupture tend to have only one relatively small transmural infarction. One would expect that if these patients had not ruptured, their prognosis would have been favorable.
Little is known of the pathophysiology of rupture, a factor that limits any attempts to alter its occurrence. Postulated mechanisms for cardiac rupture include a decrease in tensile strength, a high intracavitary pressure, ruptured intramural venous channels and a paradoxical pulsation of infarcted tissue that results in increased tension.4 Autopsy series have commonly found pathologic risk factors for rupture, including first infarction, transmurality of infarction and left ventricular hypertrophy.Y Clinical factors that predispose to rupture, including activity,4'6' 8 systemic hypertension.,3.5.6 8 digitalis,2 and anticoagulation,3 4, 6, 8 are controversial.
The purpose of this study was to evaluate the role of infarct expansion in the pathophysiology of rupture. Within days of acute transmural myocardial infarction and before the scar tissue has formed, the infarcted region is subject to thinning and a disproportionate dilatation or expansion within the softened necrotic zone." This probably occurs in response to continued subjection of the left ventricular cavity to systemic pulsatile pressure in its markedly weakened state. We have shown both by autopsy study" and clinical evaluation of postinfarction patients who had two-dimensional echocardiography12 that approximately 30% of transmural infarcts develop acute regional dilatation. Expansion follows a time course similar to rupture, with peak occurrence at 5-6 days, and results in increased wall tension within the weakened necrotic zone by virtue of both the regional dilatation and decreased wall thickness. Because infarct expansion appears to represent intramural stretching and possibly intramural rupture, it seemed likely that infarct expansion might be a predictor of infarct rupture. To eX.amine this hypothesis we studied 110 consecutive autopsy patients who died of acute myocardial infarction for occurrence and severity of infarct expansion, and correlated this with the presence of rupture. The results indicate that expansion is highly predictive of cardiac rupture, and suggest that with the ability for identification of infarct expansion with two-dimensional echocardiography, patients at high risk for rupture might be recognized early and interventions to prevent further expansion and rupture could be evaluated.
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Materials and Methods
Patients who underwent autopsy at The Johns Hopkins Hospital were included in this study if 1) the heart had been studied after postmortem arteriography and fixation in distension; 2) there had been a clinical diagnosis of possible acute myocardial infarction within 21 days of death; 3) there was a pathologically demonstrated myocardial infarct; and 4) both the gross specimen and postmortem angiograms were available for study. Postmortem coronary arteriograms were performed in all hearts using a barium-gelatin-pigment mass. The injections were made at pressures of 120 mm Hg through cannulas tied into the coronary arteries. After the hearts were fixed in formalin with distension at pressures of 40 mm Hg, stereoscopic radiographs were prepared of the intact heart and of the multiple transverse sections into which it was sliced. The myocardium was examined grossly and histologically and the age, location, and extent of the acute myocardial infarct was recorded, as was the presence and location of previous infarctions. The age of infarction was estimated from the characteristic sequence of histologic changes that are known to occur in the early infarct as described by Mallory.'3 The infarct size was quantified as a percent of left ventricular mass determined from planimetric traces of left ventricular slices using a HewlittPackard digitizing computer. The ratio of thickness of the infarcted wall to the adjacent normal wall was determined for each infarct. Infarcted myocardium was measured at its thinnest point and, in the cases of rupture, at the thinnest site excluding the transverse left ventricular slice that contained the rupture. Myocardial thickness was measured excluding the trabeculae carnii and papillary muscles. The postmortem angiograms were studied to determine the extent of coronary artery disease and the location of coronary artery thrombi or plaque ruptures were determined from gross and histologic study.
Diagnosis of Expansion and Rupture
The expansion of infarcts was determined by the presence of distortion of ventricular topography produced by disproportionate dilatation of the infarcted segments and by infarct thinning. Each case was classified as having slight, moderate or severe expansion. The severity of expansion was initially judged from the degree of topographic alteration of the left ventricle observed in the stereoscopic radiographs and on examination of the heart (figs. 1 and 2). The alteration in curvature of the infarcted segment, and the relative positions of ventricular landmarks to each other, including the papillary muscle positions and the anterior and posterior intersections of left and right ventricular free wall, were used in this assessment. With increasing expansion there was greater separation of these landmarks. The degree of expansion was also determined by measuring the ratio of wall thickness of the infarcted wall to the adjacent normal wall: a wall thickness ratio of < 0.50 indicated severe expansion; 0.51-0.70 moderate expansion; 0.71-0.85 indicated slight expansion; and > 0.86 was normal.
Patients were diagnosed as having cardiac rupture if there was a tear through the entire free wall or intraventricular septum and, upon gross inspection of the heart in the case of free wall rupture, blood had been present in the pericardial space. Since rupture was hardly ever visible on postmortem angiograms, infarct expansion could usually be assessed without knowing whether rupture had occurred.
Clinicopathologic Correlation
The cases were reviewed and data derived from the clinical and pathologic studies were recorded. This heart is from a patient who died 10 days after anteroseptal infarction. The total occlusion of the left anterior descending coronary artery is evident on the postmortem angiogram (A). Expansion of the infarct leading to disproportionate regional dilatation (arrows) of the infarcted zone can be seen in the longitudinal (A) and transverse (B and C) sections of the heart. Not only is the ventricle in the infarct zone disproportionately dilated, but it is also thinned.
without expansion and with and without rupture were tested for significance using chi-square analysis and the unpaired t test.
Results There were 110 autopsy patients with acute myocardial infarction who met the criteria for inclusion in the study. The patients died at an interval of 24 hours to 21 days (average 6 days) after their infarcts. Clinical and pathologic features of the patients are shown in tables 1 and 2.
Clinical and Pathologic Features
The patients in the entire group ranged in age from 27-88 years (average age 66 years). Of the 110 patients, 24 (22%) died with cardiac rupture. There were nine cases of ventricular septal defect (9%) and 15 cases of free-wall rupture (13%). We included freewall ruptures and ventricular septal defects because both have the same pathologic substrate; the difference depends only on the location of the infarction. The high incidence of cardiac rupture (22%) in our patients is related to the patient population in that patients who were transferred to our hospital for management of a suspected ventricular septal defect were included in the study.
Comparing patients who died with and without rupture (table 1) , there were no statistically significant differences between the two groups with regards to age, sex, history of congestive heart failure, history of angina pectoris, systemic hypertension or Killip classification. The patients who ruptured did have a higher incidence of a history of hypertension (p < 0.025).
The pathologic features of the patients are summarized in table 2. The heart weight and age of infarction were similar for both groups. The morphologic differences between the two groups include a higher incidence of single-vessel disease (p < 0.005), transmural infarctions, defined as an infarct extending to the outer third of the ventricular wall (p < without expansion or rupture (p < 0.001). Thus, using both qualitatively assessed images of overall left ventricular topography and quantitative assessment of wall thinning, it appears that expansion and its severity correlates with rupture. Wall thinning in the patients with infarct expansion was evident before infarct resorption could have occurred.
The absence of previous infarction and the presence of a transmural infarct appeared more often in patients who underwent infarct expansion and in patients who ruptured. Thus, both of these previously recognized risk factors for infarct rupture are also risk factors for infarct expansion. The only patient in the study who ruptured without evidence of infarct expansion was an 81-year-old woman with a 5-day-old transmural lateral wall infarct. She had a history of systemic hypertension, was hypertensive on admission, and was up and around on the ward at the time of her sudden death. One patient who had infarct expansion revealed by two-dimensional echocardiograms that were obtained serially over a 6-day period before death died suddenly and at autopsy, had myocardial rupture. This patient is one of three patients who had serial echocardiograms that revealed infarct expansion.
Discussion
Patients who die with rupture have been well defined in a series of clinical and pathologic studies2-10 and are typical of the patients described in this study (table 4) . The patient with rupture at autopsy often has a history of systemic hypertension and is in Killip functional class I or II. At autopsy, these hearts have transmural infarcts and usually show no evidence of previous infarction. Although this profile is fairly characteristic and identified in almost all studies, none of these clinical or pathologic features either alone or together are predictive of cardiac rupture. In fact, the patient who dies of rupture is often the patient who in every other respect should do well after infarction, in that the infarcts are first events, tend to be small and the patients are hemodynamically stable. The tragedy of myocardial rupture is that it does appear to afflict such patients who otherwise should have a good prognosis. What is lacking in the characterization of cardiac rupture is pathophysiologic knowledge that might be useful in more precisely identifying postinfarct patients at risk for rupture. This is understandable in light of the precipitous presentation and high mortality associated with rupture.
In this study, we evaluated the possible role of infarct expansion in the pathophysiology of rupture. Infarct expansion is a distinct clinical and pathologic entity in which the zone of transmural infarction undergoes progressive dilatation and thinning, a phenomenon that could lead to increased wall tension by cavity dilatation and decreased tensile strength caused by thinning of the softened necrotic zone.1' Of the 1 10 autopsied patients who died within 21 days of acute myocardial infarction, 22% died of cardiac rupture. Of the 24 with rupture, 23 (96%) had infarct expansion, evaluated qualitatively by postmortem radiographs in the longitudinal and transverse plane and quantitatively by wall thinning. The severity of infarct expansion assessed qualitatively was also related to rupture, with 50% of patients with moderate-tosevere expansion having ruptured, compared with only 26% of those with slight expansion. Infarct thinning as VOL 60, No 7, DECEMBER 1979 necrotic myocardium. At least one other study has examined left ventricular wall thickness in patients with fatal myocardial infarction, and also found thinner walls in patients who ruptured their hearts.3 Thus, by two criteria, regional topographic distortion as assessed by dilatation of the infarct zone on postmortem radiograph and wall thinning, expansion appears to be a pathophysiologic event that leads to rupture.
There is also circumstantial evidence for a relationship between infarct expansion and rupture, in that most of the clinical and pathologic features associated with cardiac rupture are also features of regional infarct expansion. Expansion occurs most often in first infarcts that are transmural."1 Our clinical studies show that transmural infarction is not dependent on infarct size. Furthermore, infarct expansion generally does not develop until 2 or 3 days after the infarct, presumably at a time when the infarct begins to soften, and tends to become especially prominent at 1 week.1' Previous infarction or scar formation of the heart appears to retard the development of infarct expansion. Thus, the relationship of expansion to cardiac rupture is supported both by the indirect evidence of similarity in clinical and pathologic profile of the patients that expand and the patients that rupture, and also directly by the rather striking morphologic finding that cardiac rupture occurs in hearts that have previously undergone infarct expansion. Viewing disproportionate dilatation and infarct thinning in the early infarcted heart as an intramural stretching and tearing of myocardial fibers, it follows that expansion might lead to rupture.
Infarct expansion leading to an early topographical deterioration of the heart is not just an event to be recognized at autopsy. With the advent of two-dimensional echocardiography, cardiac expansion can be identified as early as 3 days after myocardial infarction. In a recent study from our coronary care unit using two-dimensional echocardiography"l and a computer-aided contouring system, we have shown that about 30% of patients with transmural myocardial infarction undergo infarct expansion, that infarct expansion occurs over days, and that it is associated with a significantly increased mortality. Although autopsy studies on the patients who have had clinical evidence of expansion and die have been limited, we have now observed cardiac rupture in one of three such patients at autopsy.
Thus, if infarct expansion almost always precedes cardiac rupture (and we now have the means of detecting noninvasively infarct expansion by serial studies in postinfarct patients), we should be able to define more precisely a population at particular risk for infarct rupture. With further study we might be able to identify a critical level of acute wall thinning or regional topographical distortion that is especially prone to rupture, much as the radiologists have defined a critical aortic aneurysm diameter that portends rupture. The first step toward this includes continued prospective clinical studies of early infarct expansion. Such studies would not only establish the strength of the prediction of expansion for rupture, but also set the stage for evaluation of possible interventions, such as bed rest, preload or afterload reduction, or surgical therapy to interrupt the course of both infarct expansion and fatal myocardial rupture.
